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ABSTRACT

Plants of Amaryllis g h . leopoldaeoldes, Traub, free from Hlppeastrum
mosaic virus were recovered from stock shown to contain the virus, using
a combination of bulb cuttage and shoot-apex culture.

The Identification

of the causal agent of mosaic In the stock plants Involved the use of
herbaceous indexing and electron microscopy with a negative staining of
cell sap and thin sections of amaryllis leaves.
Bulb cuttage, using pieces of radial fractions of bulbs consisting
of leaf scales and basal plates held in a water-saturated atmosphere,
provided ample numbers of shoot apices from clones for further study.
Small shoot apices were cultued in test tubes on filter paper bridges
with a Murashige and Skoog medium (95) until large enough to
grow in standard greenhouse culture.

Plants were suitable for transfer

to pots in about 8 weeks from excision.

Heat treatment of bulb sections

prior to excision of young shoot-apices was studied, but did not appear
to be necessary, for the recovery of plants free from Hlppeastrum mosaic
virus, since large numbers of plants from fractions not heat-treated
proved to be free of the causal virus.

Heat treatment as used, reduced

the numbers of shoot-apices surviving the culture in tubes.

Approximately

250 shoot-apices from heat treated sections and 250 from untreated ones
were cultured.

Virus assay, using electron microscopy and herbaceous

indexing, of plants derived from shoot-apex culture without heat treatment
and subsequently grown in the greenhouse in insect-proof enclosures,
demonstrated that 103 plants of 118 surviving after one year were free
ix

from Hlppeastrum mosaic virus.

Plants from heat-treated sections were

assayed and all 28 plants that survived one year were free of Hlppeastrum
mosaic virus.
A group of the plants shown to be free from Hlppeastrum mosaic
virus were inoculated with sap from infected plants and a systemic
infection was produced after 14 days with the presence of particles of
Hlppeastrum mosaic virus in the infected leaves of amaryllis.

Gomphrena

globosa and Chenopodium qulnoa were used as local lesion hosts for
Hlppeastrum mosaic virus.

x

INTRODUCTION

A mosaic disease in amaryllis (Amaryllis gh. leopoldaeoldes,
Traub), which spreads rapidly in apparently virus-symptomless plants (75)
has Impeded greatly attempts to grow amaryllis commercially in outdoor
plantings in areas that are climatically suited.

Symptoms are similar

to those described as characteristic o£ mosaic diseases In monocotyledons,
sometimes called "streak" (6, 7, 87).

The leaves of affected plants of

amaryllis show irregular, light yellow-green spots and stripes interchanged
with darker green areas (Plates 1, 2).

A n overall yellowish striped

pattern develops in affected leaves as they mature, but no pronounced
distortion of shape of the leaves occurs (Plate 3).

There is not always

a conspicuous reduction in vigor in plants infected with mosaic, but
gradual decline is associated with it.

Plants grown in high light intensity

conditions often exhibit more severe symptoms in leaves than those growing
in shaded locations.

When such plants are moved to shaded locations, the

mosaic symptoms become less severe in the newly produced leaves (103).
Most of the amaryllis grown in the United States are Imported from
bulb growers in the Netherlands, who grow the bulbs in greenhouses or
other protective structures, since the winter climate is too severe for
outdoor culture.

Roguing of plants that show symptoms is carefully

followed, which ensures that the bulbs that are exported are symptomless,
but the symptoms occasionally show in the first leaves produced by
imported bulbs.

The cost of imported bulbs makes them less widely grown

than would be the case if they were less expensive, and occasional

severe Infection, of plantings with moBale discourages many would-be
enthusiasts.
Amaryllis are quite heterozygous; the commercial, mostly tetraploid
Dutch hybrids being thought to have some five or more diploid ancestors.
Only vegetative propagation by use of daughter bulbs or "off-sets", or
by various forms of bulb cuttage, can produce clones.

Mosaic infection

of the mother bulbs makes production of symptomless bulbs by vegetative
methods almost impossible, while young plants from symptomless stock often
show mosaic symptoms before attaining commercial size.
Some growers specialize in the production of seedlings only, since
transmission of mosaic-causing viruses through the seeds, though apparently
possible (30), is rather rare.

This does not fill the need for plants of

named, registered clones, however.

Most amaryllis grown for competition

in flower shows must be cultivars that have been registered with the
American Amaryllis Society and only clonal propagation can increase the
numbers of such plants.

While markets exist for unregistered seedlings,

sold by color or mixed, the most lucrative market is for named, registered
bulbs.

In addition, only clones hold the promise of being uniform enough

in performance to make the amaryllis a possible florist's crop.
A method of vegetative increase that would enable the recovery of
vlrus-symptomless plants from infected clones and that would lessen the
chances of infection of plants during the increase period would be
valuable to horticulturists.
main objective of this study.

The investigation of such a method is the

REVIEW OF LITERATURE

Amaryllis mosaic disease
A mosaic disease in monocotyledonous plants resulting from virus
Infection is described by Matthews (87) as the "production of stripes
or streaks of tissue lighter in color than the rest of the leaf.

The

shades of color vary from pale green to pale yellow or white, and the
more or less angular streaks or stripes run parallel to the length of the
leaf".

Such a definition well applies to the symptoms of mosaic disease

observed in leaves of amaryllis (Amaryllis gh. leopoldaeoldes. Traub)
cultivated In Louisiana (Plates 1, 2, 3).
Once present in the leaves of amaryllis, the mosaic symptoms make
the plant unacceptable commercially and esthetically.

The diseased

plants have to be removed from plantings and destroyed since they are a
potential source of Inoculum for symptomless plants.

In view of its

rapid spread the mosaic disease is a main factor confining the commercial
bulb production

to greenhouses, where growers select the symptomless

plants for propagation, using mainly bulb cuttage.
There are no available data on direct losses of bulbs due to
mosaic disease, or the measures applied to assure production of symptomless
bulbs; however, these have an immense Impact on the price of bulbs which
deters many would be amaryllis enthusiasts.

The rapid spread of the

disease in the Southern United States, which has a climate suitable for
outdoor bulb production, eliminates the vegetative reproduction of
registered clones In that region since the propagating material remains
symptomless for only a short period of time, many bulbs contracting the

4

Plate 1,

Leaf of amaryllis approximately 10 days old showing Intense
mosaic pattern.

5

Plate 2.

Mature leaf of amaryllis showing marked mosaic pattern.

Plate 3.

Leaf of amaryllis with overall yellowish appearance
characteristic to older leaves with mosaic.

disease before reaching commercial size (75).

The reported resistance

of Amaryllis rut11a to mosaic (52) may provide experimental material
for determination of the nature of the resistance and its possible
incorporation into some lines of amaryllis hybrids.

Production of

mosale-re81stant hybrids of amaryllis would probably render possible
production of bulbs in areas where it is not now economically feasible.
Reports from many parts of the world (7, 30, 31, 98, 102, 132) on the
widespread

occurrence of the mosaic disease of amaryllis probably

reflects the Inadequacy of selection of propagating material based only
on macroscoplcal methods of disease detection.

Such practices not

only do not separate diseased bulbs, but contribute to the selection of
symptomless carriers of viruses which serve as a source of Inoculum
for other clones.

According to Hollings et al (62), the mosaic appears

to be easily transmitted from amaryllis to amaryllis; however, the natural
spread of the disease has not been established.

The causal agent
The first reports on mosaic in amaryllis were associated with
intracellular bodies observed in cells from the infected plants (2, 38,
81, 88).

According to Holmes (63), the presence of intracellular bodies

as investigated in Hlppeastrum equestre. Herb., may be regarded as an
indication of a "true" mosaic disease in amaryllis.

In compliance with

the then predominant trend to focus on a description of a disease based
on macroscoplcal symptoms and cytologlcal abnormalities as revealed by
light microscopy, Holmes (68) did not attempt to determine the causal
agent in the mosaic infected plants.

The possible seed transmission of

mosaic symptoms was Investigated by Dickson (36), who concurrently with

Ogilvle (102) observed a rapid spread of the disease, which led to the
elimination of large commercial plantings In Bermuda, then an important
area of outdoor amaryllis bulb production.

In the United States, Towsend

(135) first reported a rapid spread of mosaic in amaryllis plantings in
Florida, where the disease over a period of 9 months spread from 20 to
90 percent of plants on the investigated plantation.
Ainsworth (3) gave the first account of Tomato spotted wilt
virus (TSWV) as a probable agent inciting mosaic in amaryllis; however,
no cytological changes were detected in the diseased tissues, and the
diseased leaves showed a spotted pattern, different from previously
described mosaic symptoms.

The affected plants were also characterized

by a gradually acquired yellow appearance leading to a slow death.
Other accounts reported a presence of T S W in amaryllis (35, 44, 120,
121); however, most investigators referred to the disease apparently
without determining the causal agent (6, 7, 23, 46, 52, 138).

Noordam

(100) successfully transmitted T S W to amaryllis by a mechanical means
and described symptoms similar to the ones defined by Ainsworth (3).
Cucumber mosaic virus (CMV) was reported to be a causal agent of
mosaic in amaryllis in Denmark (109).

In the United States, Stouffer

(5, 131) reported CUV in amaryllis and concurrently with Kahn and Smith
(78) carried out a detailed study of the disease, demonstrating trans
mission of CMV to amaryllis by the green peach aphid (Mjrzus persicae,
Sulz.).

Other investigations confirmed the presence of CMV in tissues

of mosaic infected amaryllis (61, 69, 75, 76) and Kahn and Scott (76)
serologically proved the virus to be a strain of CMV.
With the application of electron microscope techniques, long,
flexuose virus particles were observed first by Johnson (70) followed by

Procenko and Procenko (111), who determined the most frequent length of

o
the particles to be about 5000 to 5500 A t while the previously Investigated
o
virus of Tomato spotted wilt was determined to be isometric, 700 to 900 A
In diameter (122), and Cucumber mosaic virus, existing in a number of
o
strains, has also Isometric particles, about 300 A in diameter (122).
Long flexuose rods were found to be present together with intra
cellular bodies in mosaic Infected leaves of amaryllis and described
as HippeaBtrum mosaic virus (30).

Based on detailed studies, Brants

and van den Heuvel (30) and Brants et al_ (29) concluded that evidence
of Intracellular bodies in diseased tissues of amaryllis can be regarded
as an indication that HMV is the causal agent of the "true" mosaic
described by Holmes (63), for, no other known virus associated with
the amaryllis mosaic causes the formation of similar structures.

There

was further evidence of HMV inciting mosaic symptoms in amaryllis (32,
83), and of the presence of both HMV and CMV in the diseased tissue
(69).

Herbas (53) and de Leeuw (84) detected in the mosaic infected

amaryllis virus rods resembling Tobacco mosaic virus, present together
with HMV; however, no account was given concerning TMV being a causal
agent of the disease*
Suetsugu and Matsunami (132) and Holllngs et al (62) used antisera
described by them as helpful in the initial screening of infected amaryllis
propagating material; however, the serological techniques were inferior
(132) when compared with herbaceous indexing.

Using an electron microscope,

Baur and Hallivell (12) detected HMV in the sap from mosaic infected
plants of amaryllis, and upon examination of thin sections of epidermal
cells reported intracellular bodies of a pinwheel shape.

According to

their investigations, the intracellular bodies consisted of amorphous
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protein.

The presence of such intracellular bodies was Investigated

by Edwardson (39), Edwardson et al^ (40), and Arnott and Smith (8),
who attributed the pinwheel structure to the presence of flexuose rods,
viruses serologically related to Potato virus Y.
Amaryllis plants were reported to be unsusceptible to the follow
ing viruses (133):

Easter lily mottle (27), Narcissus mosaic (28),

Tulip breaking (29), and Wheat streak mosaic (118).

Also, Hlppeastrum

puniceum, Urb., was reported insusceptible to Tobacco mosaic and Tobacco
etch viruses (64), and Hlppeastrum vittatum, Herb, to Cucumber mosaic
virus (140).

Detection of virus diseases in plants
Viruses in plants become economically important when they cause
a deviation from normal growth or development.

In some cases the affected

plants increase in value as in the case of certain variegations of foliage
or flowers, but essentially viruses are detrimental, causing various
diseases (87); whereaB some viruses may infect a plant without producing
discernible symptoms, the infection with others may lead to ultimate
death

of the whole plant.

A little knowledge exists about the reactions

of viruses to their hosts; however, much more has been reported about the
reactions of plants to viruses.

Matthews (87) stated that the macroscopic

reactions of hosts to infection with viruses may be evidenced in the form
of necrosis of leaf or stem, growth distortions, leaf or flower discolora
tions of a mosaic or a mottle type, yellows, ringspots, cracked bark of
trees and bushes, lower quality of flowers, or death, which is rather
seldom caused by viruses.
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The macroscopic changes caused by virus diseases are associated
with histological and cytological changes.

The most conspicuous form

of cytological changes is the development of intracellular bodies which
can be of one of the following types (87):

crystalline, consisting of

virus particles arranged in certain orderly arrays; amorphous, consisting
of virus and host components; fiber or tube-like, consisting of viral
coat protein, or, consisting of abnormal cell organelles.
The determination of a virus-free propagating material should be
based not only on the macroscopic symptoms, since the lack of them
does not indicate the absence of a virus in plants, but also on infectivity
tests and electron microscopic techniques (60).

Brunt and Atkey (33)

used an electron microscopic examination of Narcissus yellow stripe virus.
This method was reported especially valuable, since NYSV had no known
herbaceous indicator plants.

The useful method of rapid detection of

virus particles in fresh preparations from infected plant tissues was
reported by Doi et al (37) for the initial phases of determining whether
a virus is involved in a disease problem and for indicating the particular
type of virus present.

According to Hakkaart (50) the electron microscope

was not inferior to conventional infectivity tests in detecting Chrysanthemum
virus B.

Also Kim (79) underlines the value of an electron microscope

in virus detection both in plant sap and in thin sections from the
infected plant tissues.
Serological methods are rapid and are particularly useful in the
detection of viruses having no local lesion hosts or not transmitted by
sap.

They have limitations, since they can only be applied to a restricted

number of viruses, and may give erroneous indications with the fluctuation
of virus titer in plants (87).
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Using herbaceous indicator plants remains the moat reliable
method for virus assay, where upon inoculation or grafting of the diseased
tissue, indicator plants may produce various characteristics Indicative
of the presence of the virus, the most frequent symptom being local
lesions with or without subsequent systemic infection (87).

Methods of eliminating viruses from plants
According to Matthews (87), it is often difficult to assesB and
obtain data both on direct losses and on the magnitude of costly measures
employed to minimize the results of virus diseases.
Bulbous plants are propagated largely by vegetative means and in
this they are subject to the hazards of field infection, where from a
few virus carriers a virus disease can spread rapidly (9, 60).

Rollings

(58) has reported the isolation of 12 different viruses from one narcissus
clone.

These viruses can separately or cumulatively debilitate plants

over entire regions of bulb production.

Other genera of bulbous plants

are similarly affected by viruses, and the rapid spread of virus
diseases has led to the elimination of whole lines of affected plants
from commercial production.

In such circumstances it would be desirable

to isolate the remaining healthy stock where it could be found, or recover
healthy plants from the infected ones.
The term "virus-free" in relation to symptomless plants was
criticised by Hollings and Stone (60), who suggested that there are
reasons to believe that although the absence or elimination of the known
viruses may be demonstrated, other, non-recognized ones may be present,
and the term of "virus-tested" plants should be used Instead.
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In order to secure virus-tested plants for vegetative propagation,
some methods have been successfully developed for different plant
genera.

The Index technique remains the most reliable and economical

method (101) for screening and separating healthy plant material and also
for testing plants recovered from the virus Infected ones by the applica
tion of heat, culture of apical meristems, or a combination of both
methods.
Heat Treatment.

Kassanis (71, 72) gave evidence that most plant viruses

multiply less readily as the temperature increases above 30°C, and some
cease to multiply at temperatures around 36°C.

He also inferred that

some viruses may become inactivated in plant's treated with high tempera
tures, and that this may be used therapeutically to free infected
plants.

Kassanis (73) correlated the inactivation of viruses by high

temperatures with the shape of the virus particles suggesting the
possibility of predicting the success of heat treatment for specific
viruses, with the rod shaped viruses being the more difficult to eliminate
from the infested plant tissues.

A number of examples of the heat

treatment method applied to inactivate viruses are reported.

Using heat

inactivation, Kunkel (82) successfully cured peach trees from yellows
and other virus diseases.

His experiments pointed out a lack of uniformity

in treatments necessary for virus inactivation; whereas in slender, young
branches the virus was inactivated in 4 - 6 days at temperatures ranging
from about 34.4°C to 36.3°C, it took 2 weeks in large branches and stems,
and from 2 to 4 weeks in large roots to inactivate the virus.

The

application of hot water treatment was reported by Kunkel to be very
effective in inactivating peach viruses when trees were immersed in
water at 50°C for 10 - 12 minutes.

Heat treatment is used to eliminate

Potato virus X from Irish potatoes, grown for a minimum of 12 weeks at
an air temperature of 33 - 37°C# and a soil temeprature of 30 - 32°C
(90).

The natural heat Inactivation of leaf roll viruses in potatoes

grown In India was observed when the tubers were stored at temperatures
ranging from 30 to 37°C (72).
Hollings (57) gave an account of experiments both with hot
water and hot air treatments of over 100 horticultural plants, with
temperatures ranging from 35 to 54°C, and treatments lasting from a few
minutes to several hours In the case of hot water treatment, and optimal
temperatures of 35 to 40°C and durations from several hours to several
weeks for hot air treatment.
Grant et al (47) applied heat treatment for the elimination of
tristeza virus from budwood of a number of varieties of orange.

This

method was used also by Posnette et al (110) and Campbell (34) for
elimination of some apple and pear virus diseases.

According to Bolton

and Turner (20), tip cuttings from virus diseased raspberry treated at
35°C for 75 days, produced no symptoms when grafted on Rubus henry!. a
very sensitive indicator.
Heat treatment has been used for the eradication of some pests of
amaryllis (54) and also for rejuvenation of bulbs suffering from "growth
stoppage" (135).

However, no successful instance of virus inactivation

in amaryllis bulbs has
Shoot-aoex Culture.

been reported.

Not all plants are able to withstand the amount

of heat required for virus inactivation, and some viruses may not become
inactivated by the highest temperatures the plant can survive.

Therefore,

it was very significant when Morel (92, 94) applied the culture of apical
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meristems In an attempt to eliminate viruses from orchids, upon discovery
that the obtained "merlclones" did not display the virus symptoms
present in parental plants.

Following Morel's discovery, many orchid

genera were reported to proliferate in vitro and differentiate into
virus symptomless clones(17, 18, 19, 86, 144).

Using the ability of

meristems of orchids to proliferate in vitro. Morel (93) estimated that
it would be possible to obtain as many as 4,000,000 virus symptomless
orchid clones within a year period.
According to Bawden (13), the physiology of meristematic cells
may be unsuitable for, or even preclude virus multiplication, though
many viruses probably do not invade apical meristems or fail to survive
there.

Walkey (140), attempting to free rhubarb clones from viruses,

demonstrated the presence of Cherry leaf roll virus in the apical
meristems; however, the particles were enclosed in tubules, which he
considered to be produced by the meristematic cells in a reaction to
the virus.

These tubules were speculated to have a role in checking the

spread of the virus (141).
Other experiments proved that cuttings larger than apical meristems
can be employed for the elimination of some viruses from infected plants.
Nielsen (99) succeeded in obtaining Bweet potato clones free from internal
cork symptoms by culturing shoot-apices with two to four primordial
leaves.
The development of simplified media and techniques of tissue
culture (97, 145) provided for a wide application of shoot-apex culture
in horticulture.

The rapid growth of some plants enables terminal portions

of shoots to escape the virus infection from the lower plant portions.
This enabled Holmes (65) to obtain virus symptomless plants by rooting
small cuttings of dahlias infected with Tomato spotted wilt virus.

Where regeneration of complete plants from apical meristems
cultured on artificial media proves difficult, It may be possible to
employ the method of grafting apical meristems on a healthy tissue with
subsequent subculturlng of such entitles in vitro, as reported by
Murashige et al (96) for virus freeing of citrus clones.
Most reported experiments involve the culture of shoot-aplces
or small cuttings augmented with a moderate heat treatment (10, 60, 68).
The combination of these methods was developed for the commercial
production of virus-tested carnations (42, 45, 104, 105, 107, 126),
geraniums (56, 108), chrysanthemums (26, 43, 49, 59), strawberry
(2, 16, 123, 129), and potato (74, 124).
Plant parts other than shoot-apices have been used in attempts
to recover virus symptomless plant material.

For example, virus symptom

less plants of geranium were recovered from anther-derived callus by
Abo El Nil and Hildebrandt (1).

Holmes (67) reported virus symptomless

horseradish plants were obtained by exposing root cuttings to a temperature
of 37°C while immersed in malachite green for three weeks.

Shoot-apex culture of bulbs
Shoot-apex culture of bulbs presents special problems not
encountered with other plants, for, as Rees (112, 113, 114) has pointed
out, bulbs possess only one, or no more than a few growing points;
whereas most other plants, due to their branching mode of growth,
provide sufficient numbers of shoot-apices required for cultures.
Additionally, the process of excising of shoot-apices from bulbs is
more difficult than with other types of plants, since the apex is
enclosed deeply within the fleshy leaf scales.
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Bulbs of hyacinth, narcissus, and amaryllis have slow rates of
natural multiplication (135) attributed to apical dominance (114).
Methods of vegetative propagation based on destruction of the main growing
point have been developed and extensively applied on commercial plantations
of these bulbs.

This can be accomplished either by various methods of

bulb cuttage (41, 135, 146), or removal of the whole basal plate, which
results in the formation of a number of new meristems in the scale-leaf
axils, or on their wounded edges.
The culture of amaryllis tissue followed by a successful organo
genesis was reported by Yusof (146).

Bell (15) cultured immature embryos

of amaryllis; however, no report was found on culturing of shoot-apices
of amaryllis in the literature reviewed.
The experimental tissue culture of some other bulbs was accomplished
by Robb (116), and Kohl and Nelson (80) with lilies, and Halaban et al
(51) with Ornitogalum arablcum L.

The culture of shoot-apices of

narcissus was investigated extensively (125, 128, 129, 130), and led
Stone (127) to the development of a method of elimination of viruses
from Narcissus tazetta c v . Grand Solell d f0 r .

Stone (127) reported

that a program of replacement of approximately 20 million bulbs grown on
the Isles of Scilly in Britain is underway, using as a nucleus five
virus-tested bulbs derived from shoot-apices.
take fifteen years.

The task is estimated to

A number of reports concerning the shoot-apex

culture of bulbs can be found (11, 28, 119, 149).

In addition, according

to Brierley (24, 25), virus symptomless plants were recovered by scale
propagation of Easter lily and from cormels of gladiolus, which escaped
infection with Cucumber mosaic virus in up to 98 percent of the observed
plants.

McWhirter (89) observed that aerial cormels formed on the stems
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of some cultivars of freesia did not display the symptoms of a virus
disease observed In the parental stock.

A similar case appears to be

presented by Holmes (66), in which he excised small bulblets formed on
the basal plate of Hlppeastrum and planted directly to the soil in 4"
pots.

From 92 excised bulblets thus handled, only 41 survived, and of

these 36 rapidly showed mosaic symptoms.

Holmes believed the remaining

5 to be free of virus, based on macroscopic observation for nearly a
year.

The size of the excised bulblets must have been fairly large,

if they were planted in 4n pots.

MATERIALS AND METHODS

Source of experimental plants and assay of their virus state
Bulbs of Amaryllis gh. leopoldaeoides. Traubf cv. Wedding Bells
grown two years In open beds In Baton Rouge, La., were planted In clay
pots, using a potting mix consisting of 2 parts of a coarse sand and 1
part of vermlcullte, and placed in a shaded greenhouse.

All plants

displayed characteristic symptoms of mosaic in the leaves, as shown In
Plates 1, 2, and 3.
Electron Microscopy.

The plants used for the experiment were tested by

electron microscopy for the presence of virus in their leaves.

The

assay employed the "quick dip" method (33, 37), where pieces of diseased
leaf tissue fixed in 5 - 10 percent formalin for 2 - 3
in distilled water prior to expressing sap.

hours, were washed

The sap was expressed by

squeezing the piece of tissue in the fingers, and a drop was placed on a
grid (coated with Parlodion followed by a carbon evaporation), and stained
with a 2 percent aqueous solution of freshly prepared phosphotungstic
acid, adjusted to pH 7.0 with NaOH.

The preparations were air dried and

immediately examined under an RCA type EMU - 36 electron microscope.

The

sap from a symptomless amaryllis plant was used as a control.
In addition to the quick dip method, thin sections of leaf tissue
from affected plants were invetigated (48, 91, 106).

For this method,

pieces of cross-sectioned leaves of a symptomless and mosaic diseased
amaryllis, approximately 2 by 2 am, were fixed in 3 percent gluteraldehyde
for 2 - 4

hours, washed with Sorenson's buffer with sucrose (Appendix 1)

overnight, and post-fixed in 1 percent osmium tetroxide in Sorenson's
19
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buffer for about 2 hours, followed by rinsing with cold water.
whole procedure was carried out at 4°C.

The

The fixed pieces of leaf tissue

were subsequently dehydrated in a graded series of cold (4°C) ethanol
followed by embedding in Spurr.

The Spurr embedding was carried out in

2 stages; first in a 1:1 mixture of 100 percent ethanol and Spurr for
30 minutes, and secondly, in a 1:3 mixture of 100 percent ethanol and
Spurr for 30 minutes at room temperature and
overnight.

refrigerated at 4°C

The pieces of tissue were subsequently allowed to come to

room temperature, and then embedded in fresh Spurr in BEEM capsules and
left in an oven for at least 8 hours at 70°C.
o
The thin sections, approximately 800 A thick, were cut on an
LKB ultra microtome and stained with 1 percent uranyl acetate in 90
percent ethanol for 5 minutes followed by Reynolds' lead citrate (115)
for 15 minutes.

The sections were examined under an electron microscope.

Infectivity tests.

Virus testing was done by triturating witha mortar

and pestle mosaic diseased leaves of amaryllis with 0.025 M phosphate
buffer pH 7.2, and 600 mesh carborundum, and inoculating with the
fingertip the following plant species in an insect-proof greenhouse:
Capsicum annuum. Capsicum frutescens. Cucumis sativus cv. National
Pickling. Chenopodium quinoa. Chenopodium album. Chenopodium amarantlcolor.
Cucurbita pepo. Gomphrena globosa. Nicotlana Cleveland!! X Nicotians
glutinosa, Nicotiana glutinosa. Nicotians tabacum cv.cv.: Samsun, Gold
Dollar, N.C.95. Burley 21. Havana 425. Petunia hybrida. Phaseolus
vulgaris, Sorghum halapense, Sorghum vulgare. Saccharum sp., Vigna
sinensis, Zea mays, and Amaryllis sp.
Aphid transmission of the virus was attempted using Shizaphis
graminum and Myzus persicae, with feeding times ranging from 30 minutes
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to 24 hours.

The Inoculated plants were examined dally for a period of

one month for possible signs of the virus transmission.

Bulb cuttage as a source of shoot-apices
The method of propagation of amaryllis In a water saturated
atmosphere (146) was employed as a means of obtaining shoot-apices.
Twenty bulbs with mosaic symptoms In the leaves were tested under the
electron microscope for the presence of virus and subsequently stripped
of old and dried scales.

The leaves were trimmed close to the bulb,

and roots close to the basal plate, and bulbs were thoroughly washed
in water.

The bulbs were then placed In a solution of Benomyl (1 tbsp,

per gallon of water) for one hour.
All cutting tools were sterilized in 95 percent ethanol and
flamed.

The treated bulbs were then sectioned by cutting the bulbs

into 8 or more radial sections, which were subsequently chipped into
pieces consisting of 2 - 3 fractions of bulb scales attached to a portion
of the basal plate.
Traub (135).

These have been called "scale-stem fractions" by

One bulb was a source of at least 32 scale-stem fractions,

which were treated with the Benomyl solution for 5 minutes, and placed
into one-quart fruit jars (Plate 4), containing about 3 cm of water and
fitted with a hardware cloth framework covered with a filter paper, or
a plastic screen-mesh for supporting the fractions above the water level.
The jars, containing approximately 20 - 25 fractions, were closed
with a metal screw-cap with a small hole in the middle plugged with
non-absorbent cotton to allow some gas exchange and lessen the chance of
fermentation of the cuttage.

Thus, the jar's atmosphere was kept

saturated, or nearly saturated with water.
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Plate 4.

A fruit jar with amaryllis bulb cuttage used as a source of
shoot-apices.
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The jars were exposed to 12 hour photoperiods at a light Intensity
of ca. 1,000 ft-c., provided by a mixture of "Cool White" and "Gro-Lux"
fluorescent tubes (1:1).
at ca. 26 - 28°C.

The temperature inside the jars was maintained

Where some decay developed, the fractions were trans

ferred to a fresh jar after removing decaying parts and treating with
Benomyl again.

Heat treatment
«

Scale-stem fractions from 20 amaryllis bulbs displaying mosaic
symptoms and checked under the electron microscope to confirm the
presence of the virus, were treated as previously described, and placed
in jars under 12 hours photoperiod, at a light Intensity of ca. 1,000
ft-c, for a period of 12 days, to allow process of wound healing and
initiation of meristems to proceed.
this period was ca, 26 to 28°C.

The temperature in jars during

After that period, the jars containing

the fractions were placed in a growth chamber, where they were subjected
to total darkness and a temperature of ca. 38* 1°C for a period of 2
weeks.

Culture of excised shoot-apices
Approximately 2 weeks from the initial bulb cuttage, new shootapices were seen forming between the fractions of scales, at their
point of attachment to the basal plate.

The shoot-apices (Plate 3)

ranged in diameter from 1.5 to 2.5 an, and were approximately 1.0 to 2.5 mm
long, consisting of a meristematic done and no more than 2 partially
surrounding leaf primordla (Plates 14, 15, 16).

These, together with

parts of the tissue from the scales and surface sterilized by dipping
them into a 0.5 percent aqueous solution of calcium hypochloride for
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Plate 5.

Shoot-apices of amaryllis, approximately 1.5 to 2.5 m m in
diameter, excised on the third week from initial bulb
cuttage (X7).
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10 minutes, followed by rinsing them three times with autoclaved water
(137).

Excision was done under a dissecting microscope in a Microvoid

type transfer case, where the shoot-apices were also placed into Fyrex
25 x 150 mm tubes.
The tubes contained 10 ml of a liquid nutrient medium used by
Murashige et al (95) for asparagus shoot-apex, culture.
of the medium is given in Appendix no. 2.

The composition

A filter paper bridge served

to support the excised shoot-apices at about 0.5 to 1.0 cm above the
medium level.

Prior to placement of the shoot-apices, the tubes were

autoclaved together with the medium and the filter paper bridge (137).
Shoot-apices were oriented with their cut base towards the bridge and
the tubes were flamed at their upper half over a Bunsen1s burner, and
immediately plugged with nonabsorbent cotton and covered with metal
caps.
The cultures were placed on a regime of 18 hours of light and 6
hours of darkness, at a temperature of c. 25-2°C.

The light Intensity

and qualities were as for growing the scale-stem fractions with the
light tubes situated

ca. 25 cm above the cultures.

Upon development of roots and growth of at least one leaf blade
to a minimum 10 cm length, the plantlets were transferred to an enclosed,
transparent plastic case containing fine moist vermiculite, or to 3"
clay pots containing a mixture of sand and vermiculite 1:1.
kept in plastic bags in order to maintain high humidity.

Pots were

All plants

were watered upon planting with Hoagland's solution (55) and periodically
thereafter.
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Following further root development, after from 4 to 6 weeks, all
plants were planted In 3" pots and grown in a shaded greenhouse under an
insect-proof screen enclosure.

Virus assay of subclones obtained via shoot-apex culture
The amaryllis subclones obtained from shoot-apex culture were
grown in the greenhouse for 12 months before they were assayed for the
possible presence of Hippeastrum mosaic virus in their tissues.
The assay was done using the quick dip method of negative staining
of the cell sap, followed by examination under an electron microscope.
One hundred and three plants grown from unheated shoot-apices and
twenty eight plants grown from heat treated shoot-apices were examined
by this method.

Thin sections of leaves of ten plants were also examined

under an electron microscope.
The plants were subjected twice to infectlvlty tests using
Chenopodium quinoa and Gomphrena globosa which were determined local
lesion hosts for Hippeastrum mosaic virus.

RESULTS AND DISCUSSION

The objectives of this investigation were to determine the causal
agent of the mosaic disease of amaryllis grown in the Baton Rouge
area, and to investigate the feasibility of deriving virus symptomless
clonal progeny from the mosaic diseased clones.

A two-Btage method

of obtaining virus symptomless plants was designed; in the first stage,
bulb cuttage was employed as a source of shoot-apices, and in the second
stage, the small shoot-apices were cultured in vitro until large enough
to grow by ordinary means of handling.

Heat treatment was also investigated.

Electron microscopy
Upon negative staining of cell sap expressed from mosaic leaves
of amaryllis, long, flexuose rods were revealed under an electron
microscope.

The majority of these were approximately 5500 to 8000 X in

o
length and 120 A wide (Plate 6).

The negative staining of cell sap from

symptomless leaves did not reveal such particles.

The particles were

comparable to Hippeastrum mosaic viruB observed by Brants and van den
Heuvel (30), Iwaki (69), Procenko and Procenko (111), and Johnson (70).
Also Brunt (32) determined Hippeastrum mosaic virus as a causal agent of
mosaic disease in amaryllis.

He reported dimensions of the particles

c. 7500 x 120 2, while Brants et al (29) reported the length to average
+
o
6430-240 A, and Baur and Halllwell (12) recorded the length of HMV as
7400 - 7700 A.
Thin sections of epidermal cells from affected amaryllis leaves
contained the virus particles and fan-shaped to pinwheel-shaped inclusion
27
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Plate 6.

:is i*

Micrograph of negatively stained crude cell sap of amaryllis.
V = particles of Hippeastrum mosaic virus (ca. X55,000).
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bodies in the cytoplasmic areas of the discolored parts (Plates 7, 8).
No such structures were present in the thin sections from the green
areas of the affected leaf laminae, nor in the leaves from symptomless
plants (Plate 9).

The inclusion bodies found in the thin sections were

similar to those described by Edwardson (39), Edward son et al (40),
A m o t t and Smith (8), and Baur and Halllwell (12), and according to
these authors the pinwheel Inclusion bodies consist of amorphous protein,
and are characteristic of Potato virus Y, Itself a flexuose rod.

No

distinct changes weie observed in the nucleus, chloroplasts, and mito
chondria of the virus-containing cells coiqsared to those of cells from
symptomless leaves.

Infectlvity tests
Hippeastrum mosaic virus was transmitted from amaryllis to amaryllis
causing a systemic Infection in about 14 days.

The leaves formed after

Inoculation with a cell sap from mosaic leaves of amaryllis showed
distinct symptoms of the mosaic in their upper parts, and the quick dip
revealed Hippeastrum mosaic virus under an electron microscope.
In host range studies only Gomnhrena globosa and Chenopodium
quinoa produced local lesions upon inoculation with HMV-containing
sap.

The local lesions appeared in the leaves of both plant species

between 7 and 10 days from Inoculation.

In Gomphrena globosa the local

lesions in Chenopodium quinoa were smaller, about 1 mm in diameter and of
light yellow color.
Brants and van den Heuvel (30) and Brants et al (29) used
exclusively Gomphrena globosa in their investigations concerning HMV;
however, Brunt (32) has induced local lesions also in Nicotiana

30

Plate 7.

Micrograph of thin section of HMV infected amaryllis leaf
showing flexuose rods (ca. X25,000). V = particles of HMV;
C = cell wall; Ch = chloroplast; P = protoplasm.
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Plate 8.

Micrograph of thin section of epidermis from HMV infected
amaryllis leaf showing virus particles and pinwheel inclusion
bodies (ca. X23,000). V 9 particles of HMV; B = inclusion
bodies; C = cell wall; P = protoplasm.
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Plate 9.

Micrograph of thin section of symptomless amaryllis leaf.
No virus particles are evident (ca. X32.000). P = protoplasm;
C = cell wall; Ch = chloroplast; M ■ mitochondrion; V =
vacuole.

33
Clevelandli and Tetragonla expansa. and Iwaki (69) In Chenopodium
amarantlcolor, while Tetragonla expansa was found In his Investigations
to be insusceptible to HMV.

De Leeuw (83) reported Hvoscvamus nlger to

be a useful local lesion host for HMV.
Attempted transmission of Hippeastrum mosaic virus by aphids using
Shizaphis gramlnum and Myzus perslcae did not produce symptoms in the test
plants nor in amaryllis.

Similar results with aphid transmission of HMV

were obtained by Brants and van den Heuvel (30) and Iwakl (69), who
concluded that Hippeastrum mosaic virus was not transmitted by these
vectors.
Because of their similarity to the virus particles described by the
above cited authors, host range and lack of aphid transmission, the virus
particles in leaves of amaryllis with mosaic symptoms obtained from the
Baton Rouge, La. area were concluded to be Hippeastrum mosaic virus.
Bulb cuttage as a source of shoot-apices
Under 12-hour photoperiods, shoot-apices began to appear between
the second and third week from the initial cuttage.

Similar results

were obtained by Yusof (146) in studies with propagation of amaryllis In
a water saturated atmosphere.
The most frequent sites of shoot-apex formation were the scale
axils and the convex sides of the stem^scale fractions.

Two distinctly

different modes of shoot-apex formation were observed while excising shootapices.

Some fractions formed shoot-apices separately at a small distance

from each other; theBe adopted a cone-like shape with a thick basal
portion, the leaf primordia forming on its upper part.

Such structures

appeared to be bulblet-like in contrast to shoot-apices appearing in
groups, closely appressed to each other and sometimes protected from
one side by a collar-like protrusion, the first leaf prlmordium, conmon
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to all apices.

These structures contained up to 8 growing points

appearing not to have a basal portion characteristic of apices formed
separately.
The shoot-apices were excised as they could be seen, having no
more than 2 leaf primordia at that stage (Plate 5).

They measured from

1.5 to 3.0 mm in diameter and were approximately 1.0 to 3.0 mm long.
In other experiments with shoot-apex cultures of bulbous plants, notably
with narcissus, Stone (127) cultured shoot-apices about 0.2 to 1.0 m m
long, and Brants and Vermeulen (28) 0.8 to 1.0 mm in the case of freeing
freesia from viruses, while Baruch and Quak (11) used shoot-apices of
iris 0.1 to 0.5 mm long.
Upon being placed on filter paper bridges in the tubes, the
shoot-apices were observed dally.

The wounded base developed a red

discoloration characteristic to wounded tissues of amaryllis, and after
7 days it began to round up, forming what later proved to be root initials
on both sides of the cut base (Plates 10, 11).

A concurrent development

of chlorophyll and elongation of one side was proceeding in the first
leaf primordium.
The red discoloration formed at the wounded base of amaryllis
shoot-apices was investigated using a thin-layer chromatography, designed
for separation of anthocyanln pigment (85).

Results of the examination

indicated that the red substance was probably a product of oxidation
rather than a pigment of anthocyanln type (85).
Roots and the first leaf blade were distinctly visible on the
fourteenth to twentieth day of the cultures' development (Plate 12),
and the root hairs started to appear shortly thereafter.

By the third

week of culturing, plantlets appeared to stop further development, and

Plate 10.

Shoot-apex of amaryllis growing on a filter-paper bridge.
Beginning of the second week of culturing (X5). r =
developing root.
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Plate 11.

Developing shoot-apex of amaryllis showing formation of
root initials (r) (X5).
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Plate 12.

Plantlet showing elongating leaf blade and roots by the third
week of culture, r ** roots.
(X6).

upon the appearance of yellowing of the tips of their leaves, all
plantlets were transferred to a fresh medium, after which growth resumed.
Upon placement on a fresh medium, amaryllis plantlets developed
rapidly, and became suited for transfer to a potting medium between 5
and 8 weeks after being excised (Plate 13).

At the time of transfer,

plantlets had well developed roots and 2 leaves.

The roots grew down

the filter paper bridge and were noted to develop chlorophyll in their
epidermis.

The growth of shoot-apices of narcissus cultured by Stone

(127) was relatively slow as compared to this experiment, the transfer
to pots being done after 15 to 17 weeks of culture.

This, apart from

their size was probably the reason for the low percentage of survival,
where from 345 excised shoot-apices only 10 grew to maturity, while
in this experiment from not heated cuttage 265 shoot-apices were excised
with 103 grown to maturity and & e e from Hippeastrum mosaic virus.
In three cases shoot-apices formed callus, which upon placement
on a fresh medium produced a small bulblet and a rapidly growing leaf;
however, no roots were formed until after separation of the plantlet
from the callus and placement again on a fresh medium.

An attempt to

culture the callus was unsuccessful on the medium used.
Shoot-apex culture of bulbs using a filter paper bridge was
reported by Paludan (105) to favor the formation of callus.

This was

not the case in the amaryllis shoot-apex culture used in this experiment.
With the development of the first leaf, some plantlets displayed
mosaic symptoms which persisted in further growth, and upon negative
staining of their sap the particles of Hippeastrum mosaic virus were
revealed.
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Plate 13.

Plantlets of amaryllis on the 8th week of culture. At this
stage plantlets are suitable for transfer to a potting medium.
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Heat treatment
Heat treatment was applied to the bulb fractions for 2 weeks
and shoot-apices were excised upon attaining a suitable size.

The shoot-

apices were handled after heating In exactly the same way as the untreated
ones; however, their development was very slow and most of them started
to turn brown on the second week of culturing and transfer to a fresh
medium did not alleviate that state.
Data in Table I illustrate the survival of the cultures with and
without heat treatment.

The lack of some compounds in the heated

treated shoot-apices, which were probably not synthetised under these
conditions and not present in the culture medium, could serve as a
possible explanation of the low percentage of survival of the cultures.

Virus assay of amaryllis plants derived from shoot-apex culture
The amaryllis plant obtained via shoot-apex culture with no
mosaic symptoms in their leaves were Investigated under an electron
microscope.

The quick dip method of negative staining provided no

evidence on Hippeastrum mosaic virus particles being present in the
symptomless plants grown for 12 months in the greenhouse.
Infectivlty tests likewise proved the amaryllis plants to be free
from the virus, since Inoculations of their cell sap did not produce the
local lesions characteristic of the symptoms caused by preparations
from HMV infected amaryllis plants; therefore, the 103 plants derived
from shoot-apex culture, and 28 plants derived from shoot-apex culture
preceded by the heat treatment were concluded to be freed from Hippeastrum
mosaic virus.

Heat treatment was not necessary for the recovery of

sizable numbers of Hippeastrum mosaic virus free plants of amaryllis from
infected stock.

Table 1.

Results of using shoot-apices from cut bulb fractions as a source of amaryllis subclones free
from Hippeastrum mosaic virus.

Total
excised

Treatment

No.

Losses
ContamUndeterination
mined

No.

%

No.

7,

No.

Shoot-apex

265

64

24.2

73

27.5

Shoot-apex
with heat

240

52

21.7 1 0

66.6

Medium:

Died after
transfer
to pots

10

%

3.8

—

Survived
after 12
months in
greenhouse

No.

Light quality:
Temperature:

5.6

38.9

87.3

28

11.7

28

11.7

100

1 : 1 mixture of "Cool White" and "Gro-Lux"
38fl°C.

15

103

ca. 1,000 ft-c.

25+2°C; Heat treatment:

No.

7. of
tot. % of
exc. grown

44.5

18 hours.

Light intensity:

No.

Remain infected
with HMV

% of
tot. 7, of
exc. grown

118

Murashlge and Skoog (95).

Photoperiod:

7.

Free from HMV

12.7
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The thin sections (8,000 X) of shoot-apices embedded In paraffin
(117) provided evidence that the formation of a vascular system In the
shoot-apices did not proceed at the moment of excision (Plates 14, 15,
16), or it did not reach the stage where It would be connected with the
one of the parental tissues (PlateB 14, 15,16).

This probably contributed

significantly to the large percentage of shoot-apices being not systemically infected with Hippeastrum mosaic virus present in the parental
bulbs of amaryllis.
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Plate 14.

Micrograph of longitudinal section of 9hoot-apex of amaryllis.
No organization of provascular tissues is evident (X45).
L = leaf apices; A = apical meristem.
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Plate 15.

Micrograph of longitudinal section of shoot-apex of amaryllis
showing differentiating provascular strands « P; L = leaf
apices; A = apical dome.
(X45).
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Plate 16.

Micrograph of longitudinal section of shoot-apex of amaryllis
of the largest size used for culturing.
(X50). L = leaf
apices; A = apical dome; P = provascular strands.

SUMMARY AND CONCLUSION

A number of bulbs of Amaryllis g h . 1eopoldaeoides, Traub, cv.
"Wedding Bells" showing mosaic symptoms In their leaves, were Investigated
for the presence of a causal agent of the mosaic and found to contain
Hippeastrum mosaic virus.
Shoot-apex culture was investigated as a means of recovering the
virus-free subclones with and without heat treatment.

Bulb cuttings

maintained in 0 water saturated atmosphere were used to provide large
numbers of clonal shoot-apices.

A modified Murashlge and Skoog (95)

liquid nutrient medium, as defined for asparagus shoot-apex culture
permitted satisfactory growth of amaryllis shoot-apices cultured on
filter-paper bridge in 25 x 150 pyrex tubes.

Plants were large enough

to be grown in a greenhouse culture after approximately 8 weeks of
culturing in tubes.
The assay of plants surviving a period of one year of greenhouse
culture showed large percentages of subclones to b e free from Hippeastrum
mosaic virus.

All plants from the heat treated bulb cuttings that

survived the aseptic culture period were free from HMV; however, the heat
treatment reduced significantly the number of shoot-apices which successfully
developed into plants.
A significant quantity of virus-free amaryllis plants can be
produced b y a combination of bulb cuttage to provide a quantity of shoot
apices, and excision of these at an early stage with subsequent culturing
on an artificial medium until large enough to grow conventionally.
This should provide the means of recovering Hippeastrum mosaic virus-free
46

stock plants for further vegetative propagation.

Subsequently, control

measures such as rogulng of secondary Infected plants, weed and Insect
control, and maintaining the plants under insect-proof screen should
enable the stock plants to remain free from Hippeastrum mosaic virus.
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APPENDIX I
SOLUTIONS FOR GLUTARALDEHYDE-OSMIUM FIXATION (91)
Sorenson’s Buffer
Three solutions are needed:
Solution A
.2M NaHgPO^^

(13.8 g/500ml)

Solution B

.2M Na 2 HP 0 4 . H20

Solution C

1% CaCl2

(14.2g/500ml)

The buffer is then made by:
.23ml so In A
77ml soln B
100ml water
Add 1.0ml of soln C slowly, while stirring vigorously.
The pH is adjusted to 7.3-7.4.

Sorenson's buffer with sucrose
Prepare buffer as above and prepare a 10% sucrose solution.
10ml of this sucrose solution to 90ml of buffer.

Add

3% glutaraldehyde solution
This is prepared by adding the contents of a 2ml ampule (Ladd) to
44.7ml of Sorenson's buffer. The solution is stored in the
icebox in a brown bottle.
Osmium in Sorenson's buffer
A 1% solution Is prepared by adding a vial of lg of osmium to
a glass bottle. Under the hood the vial is broken with a glaBS
stirring rod (often it is helpful to score the vial first). After
it is broken, 100ml of the buffer is added. This is stored in
the icebox in a foil wrapped bottle.
CAUTION: Osmium is very dangerous. Do all your work with it
under the hood.
Be sure centrifuge tubes are capped.
It is a
powerful chemical and can seriously damage your eyes, skin and
respiratory passages. Use extreme care when using it.
All steps up to the 90% EtOH are done in ice.
kept at room temperature.

After that the tissue is
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APPENDIX II
Nutrient medium composition for formation
of plantlets from shoot apex explants of
Amaryllis (95).

Ingredients

Mg/1 medium

Inorganic constituents
NH, N0_
4 3

1,650.0

KN03

1,900.0

CaCl2.2H20

440.0

MgS04 .7H20

370.0

KH2P04

170.0

Na2EDTA

37.3

FeS04 .7H20

27.8

V ° 3

6.2

MnS04 .4H20

22.3

ZnS04 .41^0

8.6

KI

0.83

Na2Mb04 .2H20

0.25

CuSO^HgO

0.025

CoCl2/6H20

0.025

Organic constituents
NAA

0.3

Kinetin

0.1

Thiamin.HC1

1.0

Pyridoxin,HC1

5.0

Nicotinic acid

5.0

Myo-Inositol
Adenine sulfate.dihydrate
Sucrose

100.0
40.0
25,000.0
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APPENDIX II (continued)

Other supplements
Dlfco Bacto malt
NaH„PO..HO
2 4 2
Dlfco Bacto agar

extract

500.0
170.0
6,000.0

LITERATURE CITED

1.

Abo El-Nil, M. M. and A. C. Hlldebrandt.
1971. Differentiation
of virus-symptomless Geranium plants from anther callus.
PI. Dls. Rep. 55(11):1017-20.

2.

Adams, A. N. 1972. An Improved medium for strawberry meristem
culture. J. Hort. Scl. 47:263-64.

3.

Ainsworth, G. G.
1934:60-66.

4.

. 1936.
1935:56-62.

1935.

Virus diseases.

Virus diseases.

Rep. Exp. Sta. Chesnut.

Rep. Exp. Sta. Chesnut.

5.

Anonymous.
1963. Annual Report of the Agricultural Experiment
Stations, Florida for the year ending June 30, 1962. 370 pp.

6.

__________ . 1963. Plant Pathology.
New Guinea.
1960-1961:74-79.

7.
New Guinea.

Rep. Dep. Agrlc. Papua

1966. Plant Pathology.
1964-1965:103-105.

Rep. Dep. Agrlc. Papua

8.

Arnott, H. J. and K. M. Smith.
1967.
virus-infected sunflower leaves.
13:173-195.

Electron microscopy of
J. Ultrastructure Res.

9.

Bald, J. G . , A. 0. Paulus, J. V. Lenz, P. A. Chandler, and T.
Suzuki.
1969. Disease control with pathogen-free bulb
stocks for Easter Lily improvement. Calif. Agrlc, 23(11):

6-8 .
10.

Baker, R. and D. J. Phillips. 1962. Obtaining pathogen-free
stock by shoot tip culture. Phytopathology. 52:1242-44.

i

11.

Barush, R. E. and F. Quak.
1966. Virus-free plants of Iris
"Wegdwood" obtained by meristem culture. Neth. J. PI. Path.
72:270-273.

12.

Baur, P. S. and R. S. Halliwell,
1970. Electron microscopy of
Hippeastrum mosaic virus.
Proc. 67th Ann. Convention Southern
Agrlc. Workers, Inc.:167 (Abstr.)

13.

Bawden, F. C. 1959. Physiology of virus diseases.
Pi. Physiol. 10:233-256.

14.

Beale, H. P. 1931.
Specificity of the precipitin reaction in
Tobacco mosaic disease. Contrlb, Boyce Thompson Inst.
3(4):523-39.
51

Ann. Rev.

52
15.

Bell, W. D. 1972. Culture of Immature Amaryllis embryos.
Life. The Amaryllis Yearbook:72-76.

16.

Belkengren, R. 0. and P. W. Miller.
1962. Culture of apical
meristems of Fragarla vesca strawberry plants as a method of
excluding latent A-vlrus. Pi. Dls. Reptr. 46:119-122.

17.

Plant

Bivins, J. L. and W. P. Hackett.
1968. The effect of medium and
wounding techniques on aseptic culture of Cymbidium orchids
from shoot apices. Plant Propagator.
15:9-14.

18.

Bergman, F. J.
1972. Shoot tip multiplication of orchid clones I.
Amer. Horticulturist.
51(2):20-23.

19.

__________ .
1972. Shoot tip multiplication of orchid clones II.
Amer. Horticulturist. 51(3):4l-44.

20.

Bolton, A. T. and L. H. Turner.
1962. Note on obtaining virusfree plants of red raspberry through the use of tip cuttings.
Can. J. Plant Sci. 42:210-211.

21.

Borders, H. I. and T. J. Ratcliff. 1954. A mosaic of sweet
potato in plant beds and fields In Georgia. Pi. Dis. Reptr.
38(1):6-9.

22.

Bremer, G.
1926. Een cytologish ondorzoek van strepenziekte
bij zuikerriet en andere planten.
(A cytologlcal study of
stripe disease in sugar-cane and other plants). Meded.
Proefstat. Java Sui-kerind.
11:337-371.

23.

Brierley, P.
1948. Diseases of Amaryllidaceae, excluding those
of Allium and Narcissus. Herbertia:113-119.

24.

__________ .
1962. Easter lilies freed from Cucumber mosaic virus
by scale propagation. PI. Dis. Reptr. 46(9):627.

25.

.
1963. Gladiolus cornels free from Cucumber mosaic
virus fran infected parent conns. PI. Dls. Reptr. 47(10):863.

26.

Brierley, P. and P. Lorentz.
1960. Healthy tip cuttings from some
mosaic-diseased Asiatic chrysanthemums:
some benefits and
other effects of heat treatment. Phytopathology.
50:404-408.

27.

Brierley, P. and F. F. Smith. 1944. Studies on Lily virus
diseases:
the mottle group. Phytopathology.
34:718-746.

28.

Brants, D. H.. and H. Vermeulen.
1965. Production of virus-free
freesia by means of meristem culture. Neth. J. Pi. Path.
71:25-27.

29.

Brants, D. H . , N. J. Fokkema, and R. DeBode.
1970.
indentlfication of Hippeastrum mosaic virus.
Path. 76:171-173.

Further
Neth. J. PI.

53
30.

Brants, D. H. and J. van den Heuvel.
1965. Investigation of
Hippeastrum mosaic virus In Hippeastrum hybridum. Neth. J.
PI. Path. 71:145-151.

31.

Brunt, A. A. 1969.
133-134.

32.

__________ . 1970. Narcissus yellow stripe virus.
Crops Res. Inst. 151-152.

33.

Brunt, A. A. and P. To Atkey.
1967. Rapid detection of Narcissus
yellow stripe and two other filamentous viruses in crude
negatively-stained Narcissus sap. Rep. Glassh. Crops Res.
Inst. 155-159.

34.

Campbell, A. I, 1961. Techniques used In the Inactivation of
some apple viruses. Ann. Rep. Agr. Hort. Res. Sta. Long
Ashton, Bristol. 73-76.

35.

DeBruin-Brlnk, G . , H. P. M. Geesteranus, and D. Noordam.
1953.
Lycoperslcum - virus 3 (Tomato spotted wilt virus), Oorzaak
van een ziekte bij Nicotians tabacum en Impatlens hoist11
(Lycoperslcum virus 3 (TSMV), the cause of a disease of
Nicotiana tabacum and Impatlens holstli). Tijdschr Pi.
Ziekt. 59(6):240-244 (Engl. Summary).

36.

Dickson, B. T. 1922. Studies concerning mosaic diseases.
Macdonald Coll. Can. Tech. Bull. 2,125 pp.

37.

Doi, Y . , S. Torijama, K. Yora, and H. Asuyama.
1969. Direct
negative staining method for detection of virus particles in
fresh preparations from infested plant tissues. Ann. Phytopath.
Soc. Japan. 35:180-187 (Engl. Summary).

38.

Eckerson, S. H.
2:204-209.

39.

Edwardson, J. R. 1966. Electron microscopy of cytoplasmic inclusions
In cells infected with rod-shaped viruses. Amer. J. Bot.
53(4):353-364.

40.

Edwardson, J. R., D. E. Purclfull, and R. G. Christie.
1968.
Structure of cytoplasmic inclusions in plants infected with
rod-shaped viruses. Virology. 34:250-263.

41.

Everett, T. H. 1954. The American gardener's book of bulbs.
Random House, Inc., New York. 244 pp.

42.

Faye, F. 1971. Conduite el controle de la thermotherapie des
boutures d'Oeillets americalns.
(Management and control of
the thermotherapy of American carnation cuttings). Revue
Hort. 143(2302):2137-39.

Narcissus.

1926.

Rep. Glassh. Crops Res. Inst.

Rep. Glassh.

An organism of tomato mosaic.

Bot. Gaz.

54
43.

Fenton, T. 1969. Production of chrysanthemum stock free from
aspermy virus. Prog. Rep. Exp. Husb. Fms. Exp. Kort. Stns.
N. A. A. S. 10:98-99.

44.

Gardner, M, W . , C. M. Tomkins, and 0. C. Whipple. 1935. Spotted
wilt of truck crops and ornamental plants. Phytopathology.
25:7(Abstr.).

45.

Goethals, M. and P. Van Hoof.
1971. Regeneration des Oelllets
par la culture de merlstemes comblnee a la thermotherapie.
(Regeneration of Carnation by meristem culture combined with
thermotherapy). Parasitica.
27(2):36-41.
(Engl. Summary).

46.

Goldanich, G . , A. Canova, and R. Tacconi.
1964.
undescribed virus that causes plant tumors.
Mediterranea. 3(1):46-47.

47.

Grant, T. J., J. W. Jones, and G. G. Norman.
1959. Present status
of heat treatment of citrus viruses. Proc. Fla. State Hort.
Soc. 72:45-48.

48.

Grimstone, A. V.
1968. The electron microscope in biology.
St. Martin's Press, New York, 54 pp.

49.

Hakkaart, F. A. and F. Quak.
1964. Effect of heat treatment of
young plants in freeing chrysanthemums from virus B by means
of meristem culture. Neth. J. Pi. Path. 70:145-155.

50.

__________ . 1969. A comparison of electron microscopy and
serology with infectivlty tests for the detection of
chrysanthemum virus B. Neth. J. PI. Path.
75(6):355-359.

51.

Halaban, R., E. Galun, and A. H. Halevy. 1965. Experimental
morphogenesis of stem tips of Ornithogalum arabicum L.
cultured in vitro. Phytomorphology.
15:379-387.

52.

Hannibal, L. S.
149-150.

53.

Herbas, A. R.
1964. El mosaico de los Amaryllis y su agenta
causal (Amaryllis mosaic and its causal agent). Turrialba.
14(3):140-146 (Engl. Summary).

54.

Hesling, J. J. 1970. Hot water treatment of amaryllis (Hippeastrum).
Rep. Glassh. Crops Res. Inst.
130.

55.

Hoagland, D. R. and D. I. Arnon.
1950. The water culture method
for growing plants without soil. Univ. of Calif. Cir. No.
347.

56.

Hollings, M. 1962. Studies of Pelargonium leaf curl virus.
I.
Host range, transmission, and properties In vitro. Ann.
Appl. Biol. 50(2):189-202.

1942.

A previously
Phytopath.

Mosaic virus in the Amaryllids.

Herbertia.

55
57.

__________ . 1965. Disease control through virus-free stock.
Ann. Rev. Fhytopath. 3:367-396.

58.

__________ . 1968. The virus problem In flower crops.
Hort.
20:47-56.

59.

Hollings, M. and B. Kassanls.
1957. The cure of chrysanthemums
from some viruses by heat. J. Roy. Hort. Soc. 82:339-42.

60.

Hollings, M. and 0. M. Stone.
1968. Techniques and problems
In the production of virus-tested planting material.
Scl.
Hort. 20:57-72.

Scl.

61.

Hollings, M . , 0. M. Stone, and A. A. Brunt.
1966. Cucumber
mosaic virus isolated from Hippeastrum equestre. Rep. Glassh.
Crops Res. Inst.
101.

62.

__________ . 1967. Cucumber mosaic virus.
Res. Inst. 95-103.

63.

Holmes, F. 0.
1928. Cytological study of the intracellular body
characteristic of Hippeastrum mosaic. Bot. Gaz. 86:50-58.

64.

__________ . 1946. A comparison of the experimental host ranges
of Tobacco etch and Tobacco mosaic virus. Phytopathology.
36(8):643-659.

65.

Rep. Glassh. Crops

. 1955. Elimination of spotted wilt from dahlias by
propagation of tip cuttings. Phytopathology. 45:224-226.

66.

__________ . 1965.
Hippeastrum.

67.

__________ . 1965. Elimination of Turnip mosaic virus from a stock
of horseradish. Phytopathology. 55:530-532.

68.

Houten, J. G . , F. Quak, and F. A. van der Meer. 1968. Heat
treatment and meristem culture for the production of virusfree plant material. Neth. J. Pi. Path.
74:17-24.

69.

Elimination of mosaic disease from a clone of
Phytopathology. 55:504 (Abstr.).

Iwakl, M.
1967. Viruses causing mosaic diseases of Amaryllis in
Japan. Ann. Phytopath. Soc. Japan.
33:237-243.

70.

Johnson, J. 1951. Virus particles in various plant species and
tissues. Phytopathology. 41:78-93.

71.

Kassanls, B. 1954. Heat-therapy of virus-infected plants.
Appl. Biol. 41(3):470-474.

72.

__________ . 1957.
Effects of changing temperature on plant virus
diseases. Adv. Virus Res. 4:221-241.

73.

__________ . 1965. Therapy of virus-infected plants.
Agric. Soc. 216:105-114.

Ann.

J. Roy.

56
74.

Kassanls, B. and A. Varna.
1967. The production of virus-free
clones of some British potato varieties. Ann. Appl. Biol.
59:447-450.

75.

Kahn, R. P.
1960. The present status of the Amaryllis mosaic
disease In the United States. La. Soc. Hort. Res. Bull.
5:24-30.

76.

__________ . 1968. Amaryllis virus research 1960-1967.
Life, The Amaryllis Yearbook. 9-12.

77.

Kahn, R. P. and H. A. Scott.
1964. Serological relationship of
Cucumber mosaic virus and certain virus isolates that incite
Amaryllis mosaic symptoms. Phytopathology. 54:360-362.

78.

Kahn, R. P. and P. P. Smith.
1963. Transmission of a virus
inciting Amaryllis mosaic symptoms. Plant Life, The Amaryllis
Yearbook.
133-143.

79.

Kim, K. S.
1972. Use of electron microscopy in plant virus
detection. Ark. Farm Res. 21(1):9.

80.

Kohl, H. C. and R. L. Nelson.
1967. Meristem culture of Easter
Lilies.
The Plant Propagator.
12(2):6-9.

81.

Kurikel, L. 0. 1922. Ameboid bodies associated with Hippeastrum
mosaic.
Science, N. S. Lv:73.

82.

Plant

. 1936. Heat treatments for the cure of yellows and
other virus diseases of peach. Phytopathology.
26:809-830.

83.

Leeuw, de, G. T. N.
1972. Hyoscyamus niger, a useful local
lesion host for a mosaic virus in Hippeastrum. Neth. J.
PI. Path.
78:107-109.

84.

__________ . 1972. Tobacco mosaic virus in Hippeastrum hybridum.
Neth. J. PI. Path.
78:69-71.

85.

Love, J. E.

86.

Marston, M. E. and P. Voraurai. 1967. Multiplication of orchid
clones by shoot meristem culture. A review of the literature.
Univ. Nottingham Dep. Hort. Misc. Publ. 17.

87.

Matthews, R. E. F. 1970.
& London. 778 pp.

88.

McKinney, H. H . , S. H. Eckerson, and R, W. Webb. 1923.
Intracellular
bodies associated with a "mosaic" of Hippeastrum johnsonii.
Phytopathology. 13:41-42.

89.

McWhirter, K.
1971, A simple procedure for obtaining virus-free
strains of Freesia. J, Hered. 62(1):52-53.

1973.

Personal communications.

Plant virblogy.

Academic Press, N. Y.

57
90.

Mellor, F. C. and R. Stace-Smith.
1967u Eradication of potato
virus X by thermotherapy. Phytopathology.
57:674-678.

91.

Mercer, E. H. and M. S. C. Blrbeck.
1966. Electron microscopy:
a handbook for biologists. Oxford, Blackwell Publications,
102 pp.

92.

Morel, G. 1960.
Orchid Soc.

Producing virus-free Cymbidiums.
29:495-497.

Bull. Amer.

93.

. 1964. Tissue culture - a new means of clonal propagation
of orchids. Bull. Amer. Orchid Soc. 33:473-478.

94.

. 1965. Clonal propagation of orchids by meristem
culture. Cymb. Soc. Mews.
20:3-11.

95.

Murashige, T., M. N. Shabde, P. M. Hasegawa, F. H. Takatori, and
J. B. Jones.
1972. Propagation of Asparagus through shoot
apex culture.
I. Nutrient medium formation of plantlets.
J. Amer. Soc. Hort. Scl. 97(2):158-161.

96.

Murashige, T . , W, P. Bitters, T. S. Rangan, E. M. Nauer, C. N.
Rolstacher, and P. B. Holliday.
1972. A technique of shoot
apex grafting and its utilization towards recovering virusfree citrus clones. Hort. Scl.
7(2):118-119.

97.

Murashige, T. and F. Skoog.
1962. A revised medium for rapid
growth and bloassays with tobacco tissue culture. Phys. Plant
15:473-497.

98.

Neergaard, P.
1950. Arsbereting fra J. E. Ohlsens Enkes
plantepatologiske Laboratorium 1 August 1948 - 31 Jull 1949.
(14th annual report from the J, E. Ohlsen phytopathological
Laboratory 1st August 1948 to 31st July, 1949) 23 pp.
(Engl. Summary).

99.

Nielsen, L. W,
1960. Elimination of the internal cork by culturing
apical meristems of infected sweet potatoes. Phytopathology.
50:840-841.

100. Noordam, D.

1943. Over het Voorkomen van "spotted wilt" in
Nederland.
(On the occurrence of "spotted wilt" in Holland).
Tijdschr. Pi. Ziekt. 49:117-119.

101. Nyland, G. and J. A. Milbrath.
by index techniques.

1962. Obtaining virus-free stock
Phytopathology. 52:1235-1239.

102.

Ogilvie, L.
1928. Report of the plant pathologist for the year
1927. Rept. Dept. Agrlc,, Bermuda for the year 1927.
26-37.

103.

O'Rourke, E. N., Jr.

104.

0s, van, H.
1964. Production of virus-free carnations by means
of meristem culture. Neth. J. PI. Path.
70:18-26.

1973.

Personal communications.

58
105.

Paludan, N.
1971. Etablering a£ vlrusfrie merlstemkultuurer a£
havebrugsplanter.
(The establishment of virus-free meristem
tip cultures of horticultural plants). Tidsskrift for
Planteavl.
75(3):387-410.

106.

Pease, D. C. 1964. Histological techniques for electron microscopy.
Hew York, Academic Press, 381 pp.

107.

Phillips, D. J.
1968. Carnation shoot-tlp culture. Techn. Bull.
No. 102. Colorado State Univ. Experiment Station, Fort
Collins, pp. 22.

108.

Plllai, S. K. and A. C. Hildebrandt.
1968. In vitro differentiation
of geranium (Pelargonium hortorum, Bailey) plants from apical
meristems. Phyton. 25(2):81-87.

109.

Plantesygdomne i Danmark 1960.
(Plant diseases in Denmark 1960).
Tiddsskr. Planteavl. 65(4):553-614.
(Engl. Summary).

110. Posnette, A. F., R. Cropley, and L. D. Wolfswinkel.
inactivation of some apple and pear viruses.
East Mailing Res. Sta. 94-96.

1961. Heat
Ann. Rep.

111.

Procenko, A. E. and E. P. Procenko.
1962. Some new virus diseases
of ornamental plants. Proc. 5th Conf. Czechosl. Plant
Virologists. Praque:
241-245.

112.

Rees, A. R.
1966. The physiology of ornamental bulbous plants.
Bot. Rev. 32(1):1-23.

113.

__________ . 1968. The initiation and
Ann. Bot. 32:69-77.

growth of Thlip bulbs.

114.

__________ . 1969. The Initiation and
Ann. Bot. 33:277-288.

growth of Narcissus bulbs.

115.

Reynolds, E. S. 1963. The use of lead citrate at high pH as an
electron-opaque stain in electron microscopy. J. Cell Biol.
17:208-213.

116.

Robb, S. M.
1957. The culture of excised tissue from bulb scales
of Lillum speciosum. Thun. Brt. J. Exp. Bot. 8:348-352.

117.

Sass, J. E.
1940. Elements of botanical microtechnique.
Hill Book Co., Inc. New York and London, 222 pp.

118.

Sill, W. H. and P. C. Agusiobo.
wheat streak mosaic virus.

119.

Simonsen, J. and A. C. Hildebrandt.
1971. In vitro growth and
differentiation of Gladiolus plants from callus cultures.
Can. J. Bot. 43:1817-19.

McGraw-

1955. Host range studies of the
PI. Dis. Reptr. 39(8):633-642.

59
120.

Smith, K. M. 1935. Some diseases of ornamental plants caused
by the virus of Tomato spotted wilt. J. Roy. Hort. Soc.
304-310.

121. __________ .
plants.

122.

1936* The virus diseases of glasshouse and garden
Scl. Hort. 4:126-140.

. 1972. A textbook of plant virus diseases.
Press, Hew York and London, pp. 684.

Academic

123.

Smith, S. H., R. H. Hilton, and H. W. Frazier,
1970. Meristem
culture for the elimination of strawberry viruses. Calif.
Agrlc.
24(8):9-10.

124.

Stace-Smith, R. and F. C. Mellor, 1968. Eradication of Potato
virus X and S by thermotherapy and axillary bud culture.
Phytopathology. 58:199-203.

125.

Stone, 0. M. 1967. Merlstem-tip culture of bulbs.
Crops Res. Inst,
100.

126.

__________ .
1968. The elimination of four viruses from carnation
and sweet William by merlstem-tip culture. Ann. Appl. Biol.
62:119-122.

127.

__________ .
1973. The elimination of viruses from Narcissus
tazetta cv. Grand Solell d'Or, and rapid multiplication of
virus free clones. Ann. Appl, Biol. 73:45-52.

128.

Stone, 0. M. and M. Hollings.
1968. Heat treatment and merlstemtip culture. Rep. Glassh. Crops Res. Inst.
141-142.

129.

__________ .
1968. Heat treatment, merlstem-tip culture, and
the production of virus-free clones. Rep. Glassh. Crops
Res. Inst. 109-111.

130.

__________ .
1970. Heat treatment and meristem-tlp culture.
Rep. Glassh. Crops Inst.
160-161.

131.

Stouffer, R. F. 1963. A mosaic disease of hybrid Amaryllis
caused by Cucumber mosaic virus. Bull. Fla. State Hort.
Soc. 462-466.

132.

Suetsugu, T. and M. Matsunami.
1969. Serological detection of
Hippeastrum mosaic virus In Hippeastrum hybrids. Res. Bull.
PI. Prot. Serv. Japan.
7:55-60 (Engl. Summary).

133.

Thornberry, H. H.
1966.
Handbook Ho. 307.

134.

Towsend, G. R. 1935.
Sta. 129-130.

Rep. Glassh.

Index of plant virus diseases.

Amaryllis mosaic.

Agrlc.

Ann. Rep. Fla. Exp.

60
135.

Traub, H. F.
1958. The Amaryllis Manual.
New York.
338 pp.

136.

Traversi, B. A. 1949. Estudlo lnlclal sobre una enfermedad del
Glrasol (Helianthus annuus L.) en Argentina.
(Preliminary
study on a disease of the Sun-flower (Helianthus annuus L.)
in Argentina. Rev. Invest. Agrlc., B. Aires. 3(4):345-351.

137.

Tuite, J. 1969. Plant pathological methods.
Minneapolis, Minn.
239 pp.

138.

Van Velsen, R. J. 1967. Hippeastrum streak, a virus disease
of Hippeastrum vittatum in Papua and New Guinea. Papua
New Guinea Agrlc. J.
19(1):13-15.

139.

Vine, S. J.
1968. Improved culture of apical tissues for production
of virus-free strawberries. J. Hort. Scl. 43:293-297.

140.

Walkey, D. G. A.
1968. The production of virus-free Rhubarb by
apical tip-culture.
J. Hort. Scl. 43:283-87.

141.

Walkey, D. G. A. and M. J. W. Webb.
1968. Virus in plant apical
merlstems. J. Gen. Virology. 3:311-313.

142.

Wellman, F. L. 1935. The host range of the southern celery
mosaic virus. Phytopathology.
25(14):373-404.

143.

Williams, H. E., H. R. Wagnon, and J. A. Traylor.
and the plant propagator. Plant Propagator.

144.

Wimber, D. E. 1963. Clonal multiplication of Cymbidiums through
tissue culture of the shoot-rneristems. Bull. Amer. Orchid
Soc. 32:105-107.

145.

White, P. R. 1943. A Handbook of plant tissue culture. The
Jacques Cattel Press, Lancaster, Pennsylvania.
277 pp.

146.

Yusof, I. B. M. 1971. Vegetative propagation of Amaryllis
(Amaryllis gh. Leopoldaeoides, Traub). Dissertation. L.S.U.

The Macmillan Company,

Burgess Publ. Co.,

1963. Viruses
9:4-6.

VITA.

Maciej Edward Ludwlk Nowicki was born In Strzelno, Mogilno
county* Poland, on September 9, 1939.

He attended public schools

In Szczecin and Poznan until graduation in 1954.

He entered the

Technical School of Horticulture in 1954 and graduated in 1959.

He

was employed as a Horticulturist in privately owned greenhouses and
the Institute of Plant Protection in Poznan, Poland from 1959-1963.
He entered the Academy of Agriculture and Forestry, Poznan, Poland
in 1962 and received the Bachelor of Science degree in Agronomy in
1967 and Master of Science degree in Horticulture in 1968.

During

years of study, he was employed in the Center of Seed Production and
Nurseries, Poznan, Poland, holding responsibilities in production of
vegetable and flower seed and nursery production.

He left Poland in

1968 and after a waiting period in London, England, he;emigrated to
the United States on June 15, 1970.

He was employed by Hodges Gardens,

Many, Louisiana, until September 1971 and entered the Graduate School
of Louisiana State University in the Department of Horticulture in
January 1972.

He is now a candidate for the degree of Doctor of

Philosophy in Horticulture.

61

EXAMINATION AND THESIS REPORT

C andidate:

Maciej Edward Nowicki

M ajor Field:

Horticulture

T itle o f T h esis:

A Two Stage Method of Freeing Amaryllis Clones from Hippeastrum
Mosaic Virus
Approved:

-----f'
Major Professor and Chaii

rrJLa-'

v

Dean of the Graduate School

E X A M IN IN G C O M M IT T E E :

£.

S^Lht^Y..

D ate o f E xam ination :

November 21. 1973

&

1L

